INTRODUCTION
This is the time of nanotechnology. But today there is nothing more important than energy, since the lack of energy means a significant obstacle to the present civilization, i.e not enough food, warm shelter and connection to the Internet, including the consumption of nanotechnology products. The development of modern trends of energy demands promising new technologies and even new physical and chemical processes for the establishment and operation of efficient systems to generate, accumulate, transform and transport of energy into its various forms [01] . Although global fossil fuel resources have not yet been exhausted, the negative social, health, and environmental impacts of our current unsustainable patterns of energy use are apparent [02, 03, 04, 05, 06] . In the future, large-scale alternative methods of producing the vast quantities of energy needed to sustain and enhance our standard of living are necessary [07, 08, 09, 10] . If current trends continue, future society will require increased electrical energy. It seems highly probable that greenhouse gas emissions will lead to significant global warming over the next 50 years. Climate change is real and it is happening right now, it is the most urgent threat facing our entire species and we need to work collectively together and stop it. Fortunately, ad-vances in science and technology have provided us with several alternative means of producing energy on a sustainable level, such as wind, geothermal, biomass, and solar [11] . Solar is a cleaner, safer investment for our family and business. We can immediately reduce your electricity bill, enjoy energy independence from rising energy costs and increasing carbon dioxide (CO2) emissions, and increase your home or building's value. Solar energy is ready today. Ever since the Becquerel discovered the first photovoltaic effect in 1839, using solar energy has been a goal in the scientific world. Every hour the energy absorbed by Earth's atmosphere from the sun is more than enough to satisfy global energy needs for an entire year. For this reason, research in the last few decades has exploded to find the most efficient and cost effective solar cells so the world does not remain fossil fuels dependant. PV technology offers a number of significant benefits. Solar power is a renewable resource that is available everywhere in the world. Solar PV technologies are small and highly modular and can be used virtually anywhere, unlike many other electricity generation technologies. Unlike conventional power plants using coal, nuclear, oil and gas, solar PV has no fuel costs and relatively low operation and maintenance (O&M) costs. Thus, PV will continue to produce power indefinitely (as long as the sun shines). Photovoltaic are truly a sustainable and environmentally friendly method of producing energy. Not only this but it's for free, so why shall we not utilize it. Solar cells need to absorb a range of energy, which corresponds to the solar spectrum to be efficient. The solar spectrum has a range of 100nm to 1mm, but most of the irradiance occurs between 250nm-2500nm (figure 1) with the maximum in the visible region of light (400-700nm) for air mass (AM) 0, which means that the solar cells should strive to absorb as much in visible region of solar spectrum as possible. The Air Mass is the path length which light takes through the atmosphere normalized to the shortest possible path length (that is, when the sun is directly overhead). The Air Mass quantifies the reduction in the power of light as it passes through the atmosphere and is absorbed by air and dust. The Air Mass is defined as: ,
Where θ is the angle from the vertical (zenith angle). When the sun is directly overhead, the Air Mass is 1. The purpose of this paper is to explain different types of PV technology present today in the world and to provide the achievements in the field of advanced photovoltaic and photochemical conversion of solar energy into electricity and methods of selection of PV technology according to different criteria (cost of production, the efficiency of solar energy conversion, and others…) Rapid technological developments over the last 20 years coupled with a dramatic decrease in costs of photovoltaic technology have opened the way for large-scale deployment. There are a wide range of PV cell technologies on the market today, using different types of materials, and an even larger number will be available in the future. PV cell technologies are usually classified into three generations, depending on the basic material used and the level of commercial maturity. (Green, 2001 ). Compared to the other types of Solar PV, they have a higher efficiency (up to 26%) [12] , meaning you will obtain more electricity from a given area of panel. Single crystal wafers are made by Czochralski process, as in silicon electronics. It comprises about 30% of the market. The cost of fabricating single crystalline silicon solar cells is due to the purification process of bulk. Policrystalline silicon and amorphous silicon are much less pure than the single crystalline silicon, and most common because they are least expensive. The reason polycrystalline solar panels are less expensive than monocrystalline solar panels, is because of the way the silicon is made. Basically, the molten silicon is poured into a cast instead of being made into a single crystal. The highest recorded efficieny for polycrystalline silicon cell is 21% [12] . Figure 4 .
FIRST-GENERATION PV TECHNOLOGIES: CRYSTALLINE SILICON CELLS

SECOND-GENERATION PV TECHNOLOGIES: THIN-FILM SOLAR CELLS
Second-generation solar cells are also known as thin-film solar cells because when compared to crystalline silicon based cells they are made from layers only a few micrometers thick. After more than 20 years of R&D, thin-film solar cells are beginning to be deployed in significant quantities. Thin-film solar cells could potentially provide lower cost electricity than c-Si wafer-based solar cells. 
Figure 5: Schematic of the basic structure of a CIGS solar cell (a). CIGS solar cell band diagram (b). [23]
It may take several more years to solve the manufacturing problems and bring the production costs in line with the other leading producers of solar panels. Because of these drawbacks, a different generation of solar cells has been inspired. 
THIRD-GENERATION PV TECHNOLOGIES
Figure 6: Energy-level diagram of a DSSC. VAC = vacuum energy level, CB=conduction band, VB=valence band
formance depends on many factors such as surface morphology, particle size, photo-electrode thickness of TiO2, and the nature of the dye. An overall solar conversion efficiency of more than 12% has been achieved by employing liquid electrolytes (I-/I-3 redox couple) in DSSCs. However, the use of liquid electrolytes causes many problems in DSSCs such as short-term stability due to organic solvent evaporation and leakage, difficulty in sealing the device, electrode corrosion, and limited solubility of inorganic salts such as KI, NaI, and LiI [15, 16] .
Organic or polymer solar cells were developed to make a more flexible solar cell. Organic or polymer cells are classified as such because the active layers of the cell are made of completely organic materials. These cells can either have a bilayer structure or a bulk-heterojunction structure, but the mechanism of both designs is the same. The active layer of organic solar cells is comprised of donor and acceptor materials for charge separation and transportation. Figure 8 illustrates the mechanism of an organic solar cell. Organic solar cells are composed of organic or polymer materials (such as organic polymers or small organic molecules). They are inexpensive, but not very efficient. They are emerging as a niche technology, but their future development is not clear. Their success in recent years has been due to many significant improvements that have led to higher efficiencies. OPV module efficiencies are now in the range 8% to 10% for commercial systems. Organic cell production uses high-speed and low-temperature roll-to-roll manufacturing processes and standard printing technologies. As a result, organic solar cells may be able to compete with other PV technologies in some applications, because manufacturing costs are continuing to decline and are expected to reach USD 0.50/W by 2020. In addition to the above-mentioned third-generation technologies, there are a number of novel solar cell technologies under development that rely on using quantum dots/wires, quantum wells, or super lattice technologies. These technologies are likely to be used in concentrating PV technologies where they could achieve very high efficiencies by overcoming the thermodynamic limitations of conventional (crystalline) cells. However, these high efficiency approaches are in the fundamental materials research phase. Furthest from the market are the novel concepts, often incorporating enabling technologies such as nanotechnology, which aim to modify the active layer to better match the solar spectrum. In recent years, several new thin-film PV technologies have emerged as a result of intense research and development (R&D) efforts in materials discovery and device engineering. These technologies rely on nanostructured materials, or nanomaterials, which can be rationally engineered to achieve desired optical and electronic properties. While these technologies range in maturity from fundamental materials R&D to early commercialization and have not yet been 
GLOBAL SOLAR MARKET
Solar power is essential to the planet's sustainable energy supply. According to the International Energy Agency, it is on the path to becoming the largest source of electricity by 2050. Solar is a cleaner, safer investment for our family and business. We can immediately reduce your electricity bill, enjoy energy independence from rising energy costs, and increase your home or building's value. Global solar PV installation for 2015 increased 34% over 2014 numbers, reaching an estimated 59 GW by the end of the year. [GTM research] Thanks to the massive price declines achieved in recent years and continued in 2015, solar power is now broadly recognized as a cost-competitive, reliable and sustainable energy source. In fact, based on its technical characteristics, PV can and should be considered a low risk investment for the financial community today. Its market uptake is strongly dependent on a stable and forward looking regulatory framework that allows for the realization of the full competitive potential of solar power. In the year 2015, 50 Gw of solar power has been connected worldwide. Once again, China, Japan and the United States were the top three markets, followed by the United Kingdom. (p See Figure   10 .) Others in the top 10 for additions were India, Germany, the Republic of Korea, Australia, France and Canada. By end-2015, every continent (except Antarctica) had installed at least 1 GW, and at least 22 countries had 1 GW or more of capacity. The leading national markets were China with 15.2 Gw, japan with 11 Gw and the USA with just over 7 Gw. Elsewhere in Asia, the largest annual market was India (2 GW), ranking fifth globally for additions and tenth for total capacity. India's year-end capacity was over 5 GW.
[17] In parallel, several countries contributed significantly to the market development with Canada, Taiwan, Netherlands and Chilli installing close to 500MW each. PV is progressing in all regions of the world. The 540 GW mark at global level could be reached in five year's time, with the current speed. Solar power has shown in these last years its ability to adapt to most climates, system sizes and regulatory frameworks all over the world. The market growth today has brought production capacities closer to a sustainable utilisation rate and therefore, with profitable companies, a new cycle of investment can start in the PV sector. This is because of the expected market growth in several regions.
A new cycle of investment can grow in PV sector. Solar energy is already economically viable in many applications, and will continue to expand as production continues to increase in scale.
Economics of scale will decrease the cost of solar energy while simultaneously facilitating net job creation. In addition, photovoltaic energy production represents an environmentally beneficial and sustainable method of maintaining an energy intensive standard of living, which will enable development without compromising those who will live in the future to do the same. Increasing the efficiency of a photovoltaic device is the aim of many research and development e orts. A higher efficiency produces the same amount of electrical power on a smaller area, i.e. less material is needed. This opens a path for reducing costs and allows for business opportunities. Solar power needs a forward looking investment and market framework just as much as the society and our economies need reliable, clean and sustainable energy sources. Understanding this fact will pave the way for a bright solar PV future, in Europe and globally. • • If photovoltaic (PV) devices could be mass produced with printing presses using roll-to-roll (R2R) technology, as if they were newspaper or banknotes, they could be affordable and omnipresent. In recent years, several new PV technologies have emerged and these technologies rely on nanostructured materials, or nanomaterials which can be easily engineered to achieve desired optical and electrical properties which may reach cost and performance targets. Focusing on the unique features, strengths and potential applications of solar PV will help human civilization to identify golden opportunity for future PV technology development and its implementation to meet the future global energy demand. 
COST OF SOLAR ENERGY
